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In recent years, absorbing material has been widely used in more and more fields. 
Its performance measurement technology has become a hot spot and the focus of the 
material testing study gradually. The most important size parameter in absorbing 
materials is the geometric thickness. It is an important control index in the research, 
painting, construction and quality inspection process. The electromagnetic wave 
propagation characteristic in materials is mainly characterized by its relative complex 
permittivity and complex permeability, which determines the reflection coefficient of 
electromagnetic waves of the materials. And the absorbing property of the material is 
directly determined by the reflection coefficient. Thus accurately measuring the 
thickness and the electromagnetic parameters of absorbing material has played a 
decisive role in simulation, optimization design and performance evaluation. 
After doing a lot of track and research with related technology, we’ve made a 
summary of the theory, applications and advantages or disadvantages about a variety 
of mature non-destructive testing techniques which is suitable for absorbing materials. 
Aim at the research blank on synchronous measurement of thickness and electro 
-magnetic parameters, we puts forward an idea which based on coating capacitance 
and inductance measurement principle. With additional modulation or multi-point 
testing means, several measured values could be tested synchronously. Based on this 
idea we’ve established a dual-electrode monolayer detection model. In order to derive 
the relationship equations among capacitance, inductance and measured values, we 
analyzed the electromagnetic structure of the model by the finite element method of 
numerical simulation and conformal transformation by analytical method. 
As the key point of this thesis, we used finite element simulation model to 
simulate the static electric field and static magnetic field structure, and come to the 
relationship among capacitance, inductance, the model size parameters and material 
properties. Then we obtain the approximate empirical formula through data fitting on 
specific testing conditions. It provides a basis for comparison to verify the theoretical 















without edge effects by using conformal transformation two times. It greatly 
simplifies the analysis process, and derived the accurate approximate analytical 
equation directly. It shows the changing relationships between the physical parameters 
and measured values. The nonlinear equations derived in two ways are solved by 
optimization algorithm written in FORTRAN language. We demonstrate the 
credibility of the formula through the inversion of contrast. A relatively perfect testing 
program with impedance analyzer test technology could be set up based on it, and the 
theoretical accuracy of it can be achieved more than 0.8%. In addition, in order to 
achieve the simultaneous measurement of all levels of the parameters of multi-layer 
absorbing materials, we used the reflection and transmission theory of electro- 
magnetic wave in lossy layered media and put forward a measurement by improved 
the free-space method. 
The paper work realizes the synchronous detection of the thickness and electro- 
magnetic parameters of the absorbing materials. The difficulty is mainly embodied in 
derivation of the model and the realization of software algorithms. The hardware 
structure is simple and easy to operate, and it is a non-destructive measurement to 
materials with high testing accuracy. The measurement is highly innovative, practical 
and propagable. 
 
Key words: absorbing material; thickness; complex electromagnetic parameters; 















































































第六章 总结与展望 ...................................................................................................80 
参考文献 .....................................................................................................................83 
攻读学位期间申请的专利 .........................................................................................88 
















Chapter 1 Forword ......................................................................................................1 
1.1 Background of the subject and its significance.................................................1 
1.2 The actuality and achievements at home and abroad........................................2 
1.3 The main work and content arrangements of the thesis....................................5 
1.4 Innovative points of the thesis ..........................................................................6 
Chapter 2 Main parameters measurements of absorbing materials.......................7 
2.1 Thickness testing technology............................................................................7 
2.1.1 Bridge circuit method .............................................................................7 
2.1.2 Capacitance method ................................................................................8 
2.2 Electromagnetic parameters testing technology ...............................................9 
2.2.1 Electromagnetic properties of absorbing materials...............................10 
2.2.2 Cavity method.......................................................................................11 
2.2.3 Network parameter method...................................................................11 
2.3 Testing equipment ...........................................................................................16 
2.3.1 Vector Network Analyzer......................................................................17 
2.3.1 Impedance Analyzer..............................................................................19 
2.4 Brief summary ................................................................................................21 
Chapter 3 Numerical analysis of coating capacitance/inductance measurement 23 
3.1 Principle of finite element method..................................................................23 
3.2 Simulation of the plate capacitor model’s edge effects...................................24 
3.3 FEM simulation of dual-electrode monolayer detection model .....................28 
3.3.1 Simulation and analysis of static electric field .....................................28 
3.3.2 Simulation and analysis of static magnetic field...................................32 
3.4 Data fitting ......................................................................................................37 
3.5 Brief summary ................................................................................................39 
Chapter 4 Analytical analysis of coating capacitance/inductance measurement.41 
4.1 Conformal transformation theory ...................................................................41 















4.1.2 Some important inferences of conformal transformation .....................42 
4.1.3 Schwarz-Christoffel transformation......................................................43 
4.2 Analytical analysis of Single-Electrode single-layer membrane model .........45 
4.2.1 Analysis by separation of variables method .........................................45 
4.2.2 Analysis by conformal transformation..................................................46 
4.2.3 Comparison of approximate formula for calculating capacitance ........48 
4.3 Analytical analysis of dual-electrode monolayer detection model .................50 
4.3.1 Electrostatic analysis of imposing reverse voltage on two electrodes..50 
4.3.2 Electrostatic analysis of imposing same voltage on two electrodes .....52 
4.3.3 Analysis with static magnetic field .......................................................59 
4.4 The results of nonlinear equations ..................................................................62 
4.4.1 Optimization algorithm.........................................................................62 
4.4.2 Analysis of calculation results ..............................................................63 
4.5 Establishment of experimental detection System ...........................................68 
4.6 Brief summary .........................................................................................70 
Chapter 5 Parameters measurement of multi-absorbing materials......................71 
5.1 Reflection and transmission of electromagnetic wave in layered media........71 
5.2 Loss and reflection of Electromagnetic waves in multi-media.......................74 
5.3 Parameters detection formula of Multi-absorbing material ............................76 
5.4 Equivalent electromagnetic parameters of Multi-layer absorbing material....77 
5.5 Brief summary ................................................................................................79 
Chapter 6 Conclusion and expectation ....................................................................80 
References...................................................................................................................83 













































































































































































































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
